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The issue of the impact of volatility on economic growth and performance has gained
importance in recent years.  Various aspects of this issue have received both theoretical and
empirical attention.  Empirical research has focused primarily on cross-country volatility, thus
naturally setting the issue within an international context.  Three primary sources of volatility have
been studied, and the general conclusion is that volatility tends to be harmful to growth.  Ramey and
Ramey (1995) present evidence to suggest that mean output growth rates are adversely affected by
their volatility.  Aizenman and Marion (1993, 1997) confirm this result for a set of developing
countries, for which they find that volatility also affects private investment negatively. These
findings, however, are in contrast to earlier studies by  Kormendi and Meguire (1985) and Grier and
Tullock (1989) who, using cross-country comparisons, find that higher standard deviations of output
growth are associated with higher mean growth rates.  Other recent empirical evidence by Gavin and
Hausmann (1995) find that when other measures of volatility are included, the volatility of GDP has
an insignificant positive impact on output.
A second body of empirical literature examines the relationship between the volatility of
policy instruments and the growth rate.  Kormendi and Meguire (1985) and Aizenman and Marion
(1993) find that output growth is adversely affected by the volatility of monetary policy, while the
latter find the same applies for fiscal policy as well.  A third and more extensive literature examines
the relationship between external sources of volatility and growth.  This evidence generally supports
the proposition that volatility in the terms of trade and in the real exchange rate adversely affects the
growth rate; see Cottani, Covallo, and Khan (1990), Mendoza (1994), Gavin and Hausmann (1995).
But other evidence is less conclusive; see Easterly and Wetzel (1989) and Lutz (1994)
There is also a diverse theoretical literature examining the relationship between different
sources of risk and output and growth.  Early partial equilibrium models of the firm by McCall
(1971) and others suggest price variability will reduce the mean output of the firm.  Hartman (1972)
and Abel (1983) show that mean-preserving increases in price volatility increase investment by a
competitive risk-neutral firm.  But asymmetry of adjustment costs have been shown by Pindyck(1988) to reverse this result.  In addition, Caballero (1991) finds that decreasing returns to scale, or
imperfect competition, or both, induces negative association between volatility and investment.
While these theoretical models yield important insights into the impact of risk on economic
behavior, they provide an inadequate framework for understanding the empirical macro relationships
between risk and growth, or as a basis for carrying out empirical analysis of aggregate data.  For this,
some form of stochastic general equilibrium growth model is more appropriate.  Such models have
been developed by Eaton (1981), Gertler and Grinols (1982), Grinols and Turnovsky (1993, 1998),
Smith (1996), and Corsetti (1997) for a closed economy.  Open economy extensions have been
analyzed by Devereux and Smith (1991), Turnovsky (1993), Grinols and Turnovsky (1994),
Obstfeld (1994), and Asea and Turnovsky (1998).  These models yield a macroeconomic equilibrium
in which the growth rate is related to the various sources of exogenous risk impacting the economy,
and their interaction with policy variables.  These models generate an aggregate risk-growth tradeoff,
a key factor determining which is the magnitude of the degree of relative risk aversion.
In this paper we provide an integrated examination of the effect of risk on equilibrium growth
in open economies.  The basic analytical framework we adopt is an extension of Turnovsky's (1993)
model, in which we introduce three sources of risk: (i) domestic production risk; (ii) domestic fiscal
risk; and (iii) external terms of trade risk.1  We apply the model to a data set drawn from 61
developing countries, primarily debtor economies.  Such economies are subject to default risk and
the typical assumption that they have unlimited access to a perfect world capital market is
implausible.  Rather, they are likely to face an upward sloping supply schedule for debt, that reflects
a borrowing premium imposed by the external market to compensate for the potential default risk.
This type of borrowing constraint was originally introduced by Bardhan (1967), with a more formal
justification in terms of sovereign risk being provided by Eaton and Gersovitz (1981) and Kletzer
(1984).  Empirical support for this type of constraint has been provided by Edwards (1984).
There are (at least) two reasons for restricting our sample to developing economies.  First,
many developed countries are large economies, and are therefore poor candidates for the type of
1That model discussed only terms of trade risk, focusing exclusively on issues pertaining to the Laursen-Metzler effect.small open economy model which underlies our analytical framework.  Second, the degree of risk
experienced by most developed economies is really quite small.  The percentage standard deviation
of output in the typical developed economy may be 2%.  Fluctuations in fiscal policy are even
smaller.  As our numerical simulations will bear out, the effects of this magnitude of risk on the
equilibrium growth rate are only slight.
Our paper comprises three main components.  First, Section 2 develops the formal analytical
model, which is based on a continuous-time representative agent stochastic optimizing model, in
which the stochastic shocks all follow Brownian motion processes.  The model contains three new
key features, relative to the earlier framework.  First, as noted, we allow for three sources of
variability, domestic output variability, domestic fiscal variability, and external terms of trade
variability.  Fiscal variability has both an exogenous and an endogenous component, the latter
reflecting the stabilization objective of the government.  Second, we focus on debtor economies
facing an upward sloping cost of borrowing.  Third, since one of our objectives is to calibrate the
model, we are concerned that it be sufficiently complete so that it can plausibly be matched against
stylized data.  For this purpose, we introduce labor, which we assume is supplied inelastically.
The second objective is the calibration exercise, which we use primarily to get some insight
into the likely quantitative effects of various structural changes.  We find that the model plausibly
replicates the equilibrium of small stylized economies subject to different amounts of external and
internal risk.  With a benchmark in mind, we focus primarily on the effects of change in various
sources of risk and borrowing costs on the equilibrium growth rate and its variability.
The numerical results we obtain are quite suggestive and consistent with empirical evidence.
For example, the model suggests that output variability, when embedded in a complete model, has
only a small quantitative effect on the equilibrium growth rate.  This finding is consistent with the
empirical results of Gavin and Hausmann (1995), as well as our own empirical results.
The third objective is the empirical application of the model.  We estimate empirical
relationships of the equilibrium mean growth rate derived from the model.  The key explanatory
variables include the volatility of GDP, terms of trade, the share of government expenditure, and thegrowth rate of the money supply.  The required volatility measures of these variables are obtained as
standard deviations of the residuals of the autoregressive processes for each variable, estimated for
each of our 61 sample economies using annual data over the period 1975-1992.
Since the economies differ markedly in their degree of volatility, we estimate the growth
equation both for the entire set of 61 countries, and for subsets of 30 relatively low volatility
countries and 31 high volatility countries, respectively.  Overall our empirical results are supportive
of the model.  In particular, we find terms of trade volatility, fiscal volatility, and monetary volatility
[the latter not in the formal model] all to be important determinants of the equilibrium growth rate
and to be particularly so for the high volatility economies.  They tend to be much less important in
more stable economies, for which only monetary volatility is statistically significant.
2. A Canonical Model of a Stochastic Small Open Economy
We consider a small open economy that is specialized in the production of a single good.
The economy is inhabited by a representative agent who consumes both the domestically produced
good, and a second good that he imports from abroad.
2.1 The Representative Agent
The agent supplies L units of labor inelastically, producing output in accordance with the
stochastic Cobb-Douglas production function:
dY = a LK  ( )
b
K
1-b dt + dy ( )º F(dt + dy) 0 < b <1 (1a)
where K denotes the individual firm's stock of capital and K  is the average economy-wide stock of
capital, so that (LK ) measures the supply of labor in efficiency units.  The variable dy is a
temporally independent, normally distributed, stochastic process with mean zero and variance s y
2dt
over the instant dt.  This stochastic production function exhibits constant returns to scale in the
private decisions, labor and the private capital stock.  In addition, the average stock of capital yieldsan externality such that in equilibrium, when K = K , stochastic output is linear in the accumulating
stock of capital, as in Romer (1986).  Aggregate (average) output is thus represented by:
dY = aL
bK  dt + dy ( )º F (dt + dy) = F(dt + dy) (1b)
where F K = F  K =aL
b º f  is constant, thereby yielding endogenous growth.
The private rate of return on capital, dRK over the period (t,  t+dt) is specified by the
stochastic process:
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and d  is the rate of depreciation of capital, while the return to labor (the wage rate) over the same
period, dA, is determined non-stochastically by:
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Equations (2a) and (2b) assume that the returns to capital and labor equal their respective aggregate
marginal physical products.  In addition, the wage rate, a, is assumed to be fixed over the period (t,
t+dt), with all short-run fluctuations in output being reflected in the stochastic return to capital.
Equations (2a) and (2b) imply that the mean rate of return to capital is constant, while the wage rate
grows with the equilibrium capital stock.  These features are important for our equilibrium.




= pdt + dp (3)where p  is the instantaneous expected rate of change in the relative price, and dp is a temporally
independent, normally distributed, random variable with mean zero and variance s p
2dt.  The terms of
trade are measured by 1 P, with an increase in P representing a deterioration in the terms of trade.
The agent has access to a world capital market, being able to borrow internationally.  A key
element of the model is the upward sloping supply schedule for debt, reflecting the degree of risk
associated with lending to the economy.  Debt is assumed to be denominated in terms of foreign
output, so that its price in terms of the numeraire also follows (1a).
The borrowing rate charged on foreign debt, Z, expressed in terms of domestic output, is
assumed to be of the stochastic form:
dRF = rFdt + duF ; (2c)
rF º i
* + p + w PZ W ( );   ¢  w  > 0,  ¢  ¢  w  > 0; duF º dp
where i
*
 denotes the exogenously given world interest rate and w(.) denotes the country-specific
borrowing premium.  Equation (2c) asserts that the world capital market assesses an economy's
ability to service debt costs and the associated default risk, the key indicator of which is the country's
fraction of debt relative to its wealth.  The homogeneity of the relationship is required to sustain a
balanced growth equilibrium, and the formulation adopted in (2c) is particularly convenient.  The
stochastic component of (2c) reflects the fact that with debt denominated in terms of foreign output,
a random deterioration of the terms of trade will raise borrowing costs, expressed in terms of
domestic output.  Other variants exist in the literature.2  For example, Edwards (1984) provides
empirical evidence that finds a robust and significant positive relationship between the spread over
LIBOR (e.g. i
*
) and the debt-GNP ratio.  Sachs (1984) and Cooper and Sachs (1985) also argue in
support of such a function.  They suggest how a country, by adopting growth-oriented policies, can
shift the upward-sloping supply curve outward, so that at each level of debt a lower borrowing
premium is charged.  This effect can be incorporated by assuming that the borrowing premium
2The original formulation by Bardhan (1967) expresses the risk premium in terms of the absolute stock of debt; see
Obstfeld (1982), and Turnovsky (1997, Chapter 2) for more recent applications.  However, this formulation cannot
sustain a balanced growth equilibrium.; see Turnovsky (1997, Chapter 5).depends upon the level of debt relative to some measure of earning capacity, and debt-servicing
capacity, such as capital or output that depends upon capital;  see also van der Ploeg (1996).  Our
preference for specifying w(.) in terms of the debt-wealth ratio rather than the debt-capital ratio is
that while both specifications capture precisely the same effect, the latter renders the macroeconomic
equilibrium [described by equations (12) below] more nonlinear, giving rise to problems of non-
existence and nonuniquness of equilibrium more acute.
In specifying (2c) we are viewing the imperfection of the bond market from the standpoint of
a  borrowing nation.  This seems natural in the sense that it is the debtor nation that is the source of
risk.  With this formulation, an increase in i
*
 describes an increase in the world interest rate, while
an exogenous shift in the function w  represents a change in the country-specific borrowing rate.
The representative consumer's real wealth, W, expressed in terms of the domestic good as
numeraire is given by:
W = K - PZ (4)
In addition, over the instant dt he is assumed to purchase output of the two commodities at the
nonstochastic rates CD(t)dt, CM(t)dt, respectively.
We assume that the agent is taxed on wealth in accordance with:
dT = tWdt + Wdv (5)
where t  is the deterministic component and dn  is the stochastic component, both of which will be
determined in equilibrium, so as to balance the government's budget.  The reason for this mode of
taxation is that since in equilibrium all real variables, including total taxes grow at the rate of wealth,
t  and dn  essentially operate as lump sum taxes; see Grinols and Turnovsky (1993).3
The agent's objective is to select his rates of consumption, together with his portfolio of
assets, to maximize the expected value of discounted utility
3An extension of this type of model to include distortionary tax rates (but with a perfect world capital market) is carried
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subject to the wealth constraint (4) and the stochastic wealth accumulation equation, expressed in
terms of the domestic good as:
dW = W nKdRK - nFdRF [ ]+ aLdt - (CD + PCM)dt - tWdt - Wdv (6b)
where nK º K W = share of portfolio held in the form of capital; nF º PZ W = share of portfolio
held in the form of debt.4  With utility being represented by the constant elasticity function, r º 1- g
measures the (constant) coefficient of relative risk aversion.
Substituting for (2a) and (2c) into (6b), the stochastic optimization problem can be expressed




= ydt + dw (7a)
nK - nF = 1 (7b)
where for convenience, we denote the deterministic and stochastic components of the rate of asset
accumulation dW/W by




CD + PCM ( )
W
- t (7c)
dw º fnKdy - nFdp - dv (7d)
In performing the optimization, the representative agent takes the rates of return on the assets and the
relevant variances and covariances as given.  In particular, the interest rate facing the debtor nation,
as reflected in its upward sloping supply curve of debt, is a function of the economy's aggregate debt
to wealth ratio, nF , which the individual agent in making his decisions assumes that he is unable to
4If nF > 0  the country is a borrower; if nF < 0  it is a lender.influence.  In addition, we shall assume that he perceives dv as being uncorrelated with dy
However, these will all ultimately be determined in the equilibrium to be derived.
The maximization of (6a) subject to (7a) - (7d) and (1a) follows the procedure set out in
Turnovsky (1997, Chapter 10).5  Defining aggregate consumption, C, expressed in terms of domestic
output, by
C º CD + PCM,
the first order optimality conditions are
 CD = qC (8a)
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(8c)
rK - rF [ ]dt = (1- g)cov dw,duK - duF [ ]+g(1- q)cov dp,duK - duF [ ] (8d)
Equations (8a) and (8b) describe consumptions of the two goods as fixed fractions of overall
consumption expenditure, expressed in terms of domestic output.  Equation (8c) is the solution for
the aggregate consumption-wealth ratio.6    Equation (8d) expresses the differential between the real
rate of return on domestic capital and the cost of borrowing in terms of their relative risk
differentials, as measured by the covariance of their returns with the return on the overall portfolio.
Solving (8d) in conjunction with the normalized wealth constraint (7b), one can determine the
agent's portfolio shares nK,nF.
5Some complications are introduced by the inclusion of labor.  Details of the derivation are available in an appendix
available on request.
6In the case of the logarithmic utility function g = 0  and (8c) reduces to the familiar relationship C W = r .2.2 The Government
The government is assumed to set expenditures in accordance with the stochastic rule:
dG = F(K,L)[gdt + (g' dy + dz)] 0 < g <1, 0 < ¢  g  <1 (9)
where dz is temporally independent normally distributed random variable with zero mean and
variance sz
2dt.  According to this rule the instantaneous mean rate of public expenditure is a fixed
fraction of the mean level of output.  There are two components to stochastic expenditures, the first
¢  g dy  represents the government's absorption of random shocks through stabilization activities, while
the second represents independent stochastic sources of government expenditures.  As we will see,
the effect of the variance in government expenditure on the equilibrium growth rate depends upon
which of these two sources of shocks it reflects.
We assume that the government maintains a continuously balanced budget
dG = dT (10)
Substituting (5) and (9) into (10), and equating deterministic and stochastic parts, yields the mean
and stochastic component of the required tax rate:
t = gfnK (11a)
dv = fnK( ¢  g dy + dz) (11b)
2.3 Macroeconomic Equilibrium
To derive the macroeconomic equilibrium we shall assume that the three stochastic variables,
domestic output, dy, exogenous government expenditure, dz, and the terms of trade shocks, dp, are
mutually uncorrelated.  Substituting (11b) into (7d) yields
dw = nK f (1- ¢  g )dy + dz [ ]- nFdpfrom which sw
2,s pw can be computed.  Recalling also duK = fdy; duF = dp, the macroeconomic
equilibrium can then be summarized as follows:
nK =
(1- b) f - d ( )- i
* + p + w(nF) ( )
(1- g) f
2s y
2 + s p
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The macroeconomic equilibrium is a stochastic growth path, along which all real quantities
grow at the common stochastic rate, as described by (7a).  This equilibrium has a simple recursive
structure.  First, equations (12a) and (12b) jointly determine the portfolio shares, ˆ  n  K, ˆ  n  F, such that the
risk-adjusted rate of return on capital equals the risk-adjusted cost of debt.  These expressions
highlight the two factors determining the optimal portfolio shares.  The first is the speculative
component, which depends upon the expected differential between the return on capital and
borrowing costs, while the second reflects the hedging behavior on the part of the investor and
depends upon the relative variances associated with the returns on these two assets.
Under perfect capital mobility (w º 0) these two equations imply unique equilibrium
portfolio shares.  However, with imperfect capital mobility the solution depends upon the functional
form of the upward sloping supply schedule of debt.  If w  is linear in nF , then a unique solution still
exists.  If, for example, w  is quadratic, then there are potentially either two, or possibly zero,
feasible solutions.  In the former case it is possible that in one of the equilibria the nation is aborrower, and in the other a lender; in fact that situation may occur for plausible parameter values.  If
we specify w = w nF nK ( ), the potential number of equilibria increases.
Having obtained the optimal portfolio shares, (12d) determines the equilibrium variance,  ˆ  s  w
2 ,
along the balanced growth path, with (12c) and (12e)  then sequentially determining the equilibrium
mean growth rate,  ˆ  y , and consumption-wealth ratio C W
^
.  Finally, the equilibrium must satisfy the




-rt [ ] =0    (12f)
This condition can be shown to reduce to C/W > 0, as originally shown by Merton (1969).7
2.4 Some Analytical Properties of the Equilibrium
Our main concern is the effects of risk and borrowing costs on the growth rate and its
variance.  Rather than perform detailed comparative static exercises, we shall calibrate the model and
examine the responses numerically.  However, insight to some general qualitative aspects that we
shall examine empirically in Section 4 can also be provided by examining the equilibrium (12).
First, in the one sector closed economy, (12c) implies that the tradeoff between growth and
its variability depends upon g .  If g < 0 as empirical evidence suggests, then higher variability of
output and growth will be associated with a higher mean growth rate.  Empirical evidence examining
the growth-volatility relationship, although mixed, tends to favor a negative tradeoff; see Ramey and
Ramey (1995), Gavin and Hausmann (1995).
For an open economy, the risk-growth tradeoff is more complex, involving the international
portfolio adjustment.  Letting:









7There is one technical point.  The equilibrium (12) assumes that the economy is always on its stochastic balanced
growth path.  If the initial portfolio does not coincide with the equilibrium portfolio shares, there may be transitional
dynamics, which we are not considering.  Alternatively, we can assume that through in initial lump-sum taxation the
government can appropriate resources to ensure that the economy attains the equilibrium (12) instantaneously.denote the growth variance-minimizing portfolio share of capital, and differentiating (12d), yields:
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An increase in either variance has both a direct destabilizing effect, and a portfolio-adjustment effect,
which may be stabilizing or destabilizing, depending upon the size of the portfolio, relative to its
variance-minimizing share.  Thus it is possible for more variance actually to stabilize the growth
rate, in which case it will be associated with reduced output growth if g < 0.  But, in addition, the
portfolio adjustment effect, insofar as it affects the net rate of return, and interacts with the variance
on foreign income, also needs to be taken into account in assessing its impact on the mean growth
rate, as given by (12c).
Second, the stochastic components of government expenditure may be either stabilizing or
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To the extent that the government absorbs more risk by increasing its claim on the stochastic
component of output,  ¢  g , this will be stabilizing insofar as the private sector is concerned.
Exogenous shocks in government expenditure, as reflected in sz
2, are destabilizing.
Finally, increases in the deterministic size of government, g, have no effect on the mean
growth rate, an implication originally pointed out by Eaton (1981).  Only if the increase in size of
government involves its stochastic component as well [i.e. dg º d ¢  g ] will there be an effect on the
growth rate, through the reduction in the variance of the growth rate, sw
2 .3. Numerical Analysis of Equilibrium
In conducting the numerical analysis of the model it is useful to consider two cases.  The first
is a small developed open economy that has unhindered access to the world capital market; i.e.
w º 0.  Then we shall focus on a small developing economy that faces increasing borrowing costs in
the international capital market w > 0.
3.1 Calibration of Economy
Our numerical analysis will be based on the following parameters, representative of a small
open economy:
Production parameters b = 0.6; f = 0.3; d = 0.04
Preference parameters g = -1.5; r = 0.04; q = 0.75
Foreign interest rate i
* = 0.05, 0.06, 0.07
Mean growth rate of terms of trade p = 0.01,  0.02,  0.03
Share of government expenditure g = 0.2;  ¢  g  = 0.2,  0.6
Stochastic shocks s y = 0.04, 0.10, 0.20;
sz = 0.02, 0.05
s p = 0.08, 0.16, 0.24
The production parameters are standard.  The choice of b  implies the productive elasticity of labor
is 0.6, while the choice of f implies a K/Y ratio of 3.3.  Thus the (mean) net return to capital in the
economy is 8%.  Our choice of g = -1.5 implies a coefficient of relative risk aversion of 2.5, while
the rate of time preference of 4% is conventional.8  There is less evidence on the composition of
consumption.  Our choice of 75% domestic and 25% imported, while arbitrary, is consistent with the
evidence cited by Backus, Kehoe, and Kydland (1994).  The foreign interest is taken as 6% in the
8The choice of g  is more controversial.  Our choice corresponds accords with the empirical evidence cited by
Consantinides, Donaldson, and Mehra (1998).benchmark case, although this parameter is allowed to vary between 5% and 7%.  Parameterization
of the costs of debt are discussed below.
The mean growth rate of the terms of trade for our sample of 61 underdeveloped countries,
discussed in Section 4, is around 2% p.a., which we shall take as our benchmark in the simulations
of the economies subject to imperfect capital mobility.  Growth rates of 1% and 3% are considered
as variations for the example of perfect capital mobility.  The size of government [both its
deterministic and stochastic component] is assumed to be 0.2 in the benchmark economy; we shall
consider the effects of increasing the stochastic component to 0.6.
The stochastic parameters are based on the following considerations.  Gali (1994) provides
estimates of s y for OECD countries, measured as percentage variations of GDP about trend output.
The mean figure he obtains using this measure is around 6%; the figure for the US being 3.6%.  We
obtain measures of s y as the residual of logarithmic autoregressions.  These yield somewhat lower
values for s y for OECD countries than obtained by Gali.  For the sample of 61 LDCs our estimates
range from 1.7% for Colombia to nearly 21% for Uganda.  We are thus led to characterize low,
medium, and high volatility countries corresponding to s y = 0.04, 0.10, 0.20, respectively.
Gavin and Hausmann (1995) provide estimates of the standard deviation of government
consumption expenditure as a percentage of GDP.  These range from around 1.1% for East Asian
countries to 5.5% for Middle east and North African countries.  We shall take sz = 0.02, 0.05 as
characterizing low risk and high risk governments, respectively.
Finally, Gavin and Hausmann provide estimates of the standard deviation of the growth rate
of the terms of trade, s p.  These are around 8% for the industrial and South Asian economies; 15%
for Latin American countries; and over 25% for Middle East and North African economies.  On this
basis we choose s p = 0.08, 0.16, 0.24  as low, medium, and high volatility in the terms of trade.
3.2 Perfect Capital Mobility
Table 1 summarizes the equilibrium under perfect capital mobility.  With the variances of the
rates of return being relatively small, we assume that the mean rates of return on domestic andforeign assets do not deviate too substantially.  Table 1.A assumes a 2% depreciation of the country's
terms of trade (approximately the sample mean).  Given the other parameters this implies that the
mean rate of return on both domestic and foreign assets is 8%.  The 1% depreciation of the terms of
trade, reported in Table 1.B, implies that the mean rate of return on foreign assets is only 7%, while
for the 3% depreciation, reported in Table 1.C, it is 9%.  Looking across Table 1 we see how the
equilibrium is highly sensitive to the assumptions one makes about the expected depreciation of the
terms of trade.  This is particularly true of the volatility of the growth rate, as well as the equilibrium
portfolio share.  In most of the cases reported, with only small differences between domestic and
foreign returns, the economy will be a net creditor.
Table 1 encompasses plausible equilibrium values.  The model is a long run model and the
range of per capita growth rates it implies (between 1.4% and 2.6%) and their standard deviations
(between 1.1% and 7.3%) are clearly plausible and coincide with the empirical estimates of these
ranges.  For example, Gavin and Hausmann (1995) obtain standard deviations of the real growth rate
of GDP of between 2.2% for industrial economies to 7.9% for the Middle East and North African
economies.  Gali (1994) estimates the standard deviation of the mean growth rate for OECD
countries to be approximately 50% of the standard deviation of their respective output fluctuations.
Small open OECD economies like Australia, New Zealand, Canada are characterized by the
s y = 0.04, sp = 0.08 combination, and if we assume that rates of return are roughly equalized
across these countries, then their equilibrium growth rates will have standard deviations of
approximately 1.65%.
Looking at the entries of the table brings out several interesting aspects that merit comment.
(i)  An increase in s y generally has a weak positive effect on the mean growth rate.  In most
cases, nK < ˜  n  K, so that the higher s y causes a sharp increase in sw, both directly, and through the
portfolio adjustment in accordance with (13a).  With g < 0 this implies a higher mean growth rate.
But there is one exception.  For low terms of trade volatility (s p = 0.08) and low terms of trade
depreciation, (p = 0.01), an increase in s y will have a mildly negative effect on the growth rate.
Under these circumstances, nK > ˜  n  K, the variance-minimizing portfolio, and the portfolio-adjustmentterm offsets the effect of the higher output variability on sw.  In this case, an increase in s y leads to
only a small increase in sw, which is dominated by the negative effect of the higher s y on the rate
of return, and thus on the growth rate.
(ii)  An increase in s p has a uniformly strong negative effect on the growth rate, larger than
that (in magnitude) of a comparable increase in s y.  This is because it embodies two effects.  First,
insofar as it is a component of sw, it is analogous to s y, though with the opposite portfolio effect.
But to the extent q < 1, there is a second negative effect through imported consumption.
(iii)  With the exception noted in (i) an increase in s y has a strong positive effect on the
variability of the growth rate.
(iv)  The effect of an increase in s p  on the volatility of the growth rate is not uniform.  It
depends upon the deviation in the equilibrium portfolio from its variance-minimizing share.  Most
striking is the case where if s y = 0.04, an increase in s p from 0.08 to 0.16 results in a dramatic drop
in volatility from 3.9% to 1.1%, after which it increases with further increases in s p.  This is
because when  s p = 0.16, nF » 0 so that with nK > ˜  n  K the negative portfolio effect of higher s p
offsets the direct effect (» 0).
(v)  Finally Table 1 reports s, the share of foreign source variability in the overall variability,
sw
2 .  As can be seen, this varies between 0 and 100%.  But it does not always increase with the share
of foreign debt in the portfolio.  This again depends how far it is from the variance minimizing share.
Table 1 is based on the assumption that  ¢  g  = 0.2,  sz = 0.02 .  Table 2 presents sensitivity
analysis with respect to changes in these stochastic government expenditure parameters.  For the
amount of risk in the economy, the effects of government expenditure on the growth rate are small.
For example, increasing  ¢  g  from 0.2 to 0.6 typically decreases the mean growth rate by only 0.02
percentage points.  The effects on the variability of the growth rate are larger.
Table 2 brings out the contrast between increases in the volatility of government expenditure,
sg  that are due to increases in sz, on the one hand, and in  ¢  g , on the other, and the effects on the
mean and the variability of the growth rate.  Specifically, an increase in sg  that reflects an increase
in the government's absorption of risk,  ¢  g , will be associated with both a reduction in the meangrowth rate (slight) and in its variability.  An increase in sg  that reflects an increase in exogenous
government expenditure risk, sz, will be associated with precisely the opposite responses in the
mean and standard deviation of the growth rate.
3.3 Imperfect Capital Mobility
Table 3 summarizes some numerical effects in the case where the economy faces an upward
sloping supply curve of debt.  Since we wish to focus on a borrowing country, in order to generate an
equilibrium in which the country is indeed a borrower, we increase the rate of return on domestic
capital over borrowing costs to 12%, by setting f = 0.4.  The country-specific borrowing premium is
specified by the logarithmic function:
ln(1+ w) º jnF
where j > 0.  This function implies  ¢  w  > 0, ¢  ¢  w  > 0, as assumed.
Part A provides numerical estimates of the effects of changes in the cost of debt on the
equilibrium.  We consider changes in both the world interest rate from 5% to 6%, as well as changes
in the country-specific borrowing premium j .  We allow j  to range from zero -- a perfect world
capital market -- to 100, which essentially parameterizes prohibitive foreign borrowing costs.  In
considering changes in borrowing costs, we focus on an economy that faces medium risk in both
domestic output and in its terms of trade.
Table 2.A implies equilibrium values of nF  that range from 0.4 to 0 for i
* = 6%.  From these
one can compute the corresponding debt-GNP ratios, from the relationship: PZ Y = (nF fnK).  For
the case j = 0.10, these compute to 0.44 and 0.34 for the cases i
* = 5%,  6%, respectively, which are
both close to the  average world debt-output ratio of 0.4.9  Hence we shall take j = 0.10 as the
benchmark debt function.  For this benchmark economy the mean growth rate is 3.8-4.0%, with a
standard deviation of 4.6-5.2% (depending upon the world interest rate).  These numbers are quite
plausible.  Indeed the standard deviation is close to the average of the Asian countries cited by Gavin
9See World Debt Tables.and Hausmann (1995).  The borrowing premium increases to around 2.5-3.5%, as the marginal costs
of borrowing increase.
The numerical results summarized in Table 3.A. are intuitive.  Both general higher borrowing
costs, in the form of a higher world interest rate, and country-specific borrowing costs cause the
domestic economy to reduce its holding of foreign debt and therefore its holding of capital.  This
reduces both the growth rate and its volatility.  These effects decline, the more sharply rising the cost
of debt, (the larger j ), when the economy becomes less open and less exposed to foreign risk.
Table 3.B provides numerical estimates of the effects of domestic production risk and terms
of trade risk for the benchmark economy j = 0.10.  An increase in s y has a small net positive effect
on the mean growth rate, but a larger destabilizing effect.  Higher terms of trade volatility tends
generally (but not always) to reduce the mean growth rate.  Capital market restrictions in the form of
an upward sloping supply curve of debt, increase the sensitivity of both the domestic growth rate and
its volatility to the domestic source of volatility, s y, while decreasing them to the foreign source of
volatility, s p.
3.4 Monetary Considerations
The model thus far presented has been real, abstracting from domestic money and the
domestic nominal price level.  This is not unreasonable, since under the assumptions we have made,
where tax rates are set residually and viewed as lump-sum, money, when introduced as real money
balances into the utility function, is superneutral in its first and second moments; see Grinols and
Turnovsky (1998).  This super-neutrality of money, however, is sensitive to this assumption and
under alternative conditions breaks down.  If, for example, the tax rates are set residually, but are not
viewed as lump-sum, then monetary policy will have real effects.  Grinols and Turnovsky (1993)
present such a stochastic monetary model and show that an increase in the mean monetary growth
rate has a positive effect on the mean growth rate, while an increase in its volatility has an adverse
effect.  The intuition is simply that a higher monetary growth rate raises the nominal interest rate,
inducing more saving, and increasing the growth rate of capital.  A higher variance of the monetarygrowth rate raises the real return on domestic bonds relative to capital.  For equilibrium rates of
return to be maintained, the return on bonds must fall, i.e. the domestic interest rate must decline,
thus reducing savings and the growth rate.  On the other hand, Pavilos and Yip (1995) show how if
money is introduced via a cash-in-advance constraint that depend upon investment, then an increase
in the monetary growth rate will have an adverse effect on the growth rate.  Empirical evidence
documenting the negative relationship between monetary volatility and the growth rate has been
obtained by Aizenman and Marion (1993) and this aspect will also be introduced below.
4. Empirical Results
4.1 Data
Our basic data set is drawn from 61 LDCs, the choice of which was dictated in part by the
availability of data on control variables and are obtained from the following sources:10
Terms of Trade: The country data on terms of terms of trade volatility have been obtained from
the Inter-American Development Bank.  These measures are the standard deviations of the residuals,
as calculated from first-order autoregressive processes of the logarithm of the terms of trade for each
country over the period 1975-1995, measured annually.11  Data for the mean growth rates of the
terms of trade have been obtained from International Financial Statistics.
Output volatility: Data on output volatility have been obtained from Summers and Heston
(1995) Penn-World Tables 5.6, by calculating the standard deviations of the residuals of the
autoregressive processes of the logarithm of the GDP for all countries, obtained annually over the
period 1975-92.  We believe that the lack of data for 1993-95 do not significantly affect the average
measures over the longer period.
10 Countries in empirical study include: Argentina, Bahrain, Bangladesh, Barbados, Bolivia, Brazil, Burundi, Cameroon,
Chile, Colombia, Costa Rica, Cyprus, Dominican Republic, El Salvador, Ethiopia, Gambia, Ghana, Guatemala, Guyana,
Haiti, Honduras, Hungary, India, Indonesia, Iran, Israel, Jamaica, Jordan, Kenya, Korea, Madagascar, Malawi, Malaysia,
Mali, Mauritius, Mexico, Morocco, Myanmar, Nepal, Nigeria, Pakistan, Panama, Papua New Guinea, Paraguay,
Philippines, Rwanda, Saudi Arabia, South Africa, Sri Lanka, Swaziland, Syria, Tanzania, Thailand, Togo, Trinidad and
Tobago, Tunisia, Uganda, Uruguay, Venezuela, Zambia, Zimbabwe.
11This ensures that the standard deviation is measured in percentage terms and is therefore unit free.Mean growth rates: Mean growth rates for the countries are obtained as the average of the annual
growth rates over the period 1975-1992 obtained from the Summers and Heston (1995) data.  Again,
we believe that missing values are not going to affect the averages significantly.
Government Expenditure:   Data on mean shares of government expenditure as shares of GDP are
obtained from the Penn World Tables over the period 1975-92.  The standard deviations used are the
standard deviations of the country observations about their respective means.
Monetary growth:  The country-data on terms of the volatility of the monetary growth rate have
been obtained from Inter-American Development Bank.  These measures are the standard deviations
of the residuals, as calculated from first-order autoregressive processes of the monetary growth
(measured by M1) for 1975-1995, measured annually.  Data for the mean growth rates of monetary
growth have been obtained from International Financial Statistics.
In addition we run regressions that include the control variables identified by Levine and
Renelt (1992) as being important for cross-country growth equations.   These include: (i) the initial
level of GDP, (ii) the initial population growth rate, (iii) the average investment to output ratio and
(iv) a human capital measure, proxied by the initial secondary school enrollment.  While the data on
the secondary school enrollment for the relevant age group was obtained from Barro and Lee (1995),
the data on the other variables are obtained from Summers and Heston (1995).
4.2  Regressions
Because of the potential for heterosketasticity across countries, the standard errors for the
coefficients in the regressions are based on the Newey-West (1987) correction.12  Table 4 presents
regressions of the mean growth rate for the complete sample of 61 developing countries.  In Column
1 the mean growth rate is regressed on both terms of trade volatility and output volatility, but
without accounting for the control variables.  Terms of trade volatility is negatively related to
12The standard errors in many of the equations were also estimated using the White (1980) correction, but the results
remain unchanged.economic growth and is statistically significant at the 5% level.  We also find that output volatility
contributes negatively to economic growth, but at a lower level of significance.13
Column 2 adds the four Levine-Renelt (1992) control variables.  This reduces the level of
significance of both variables, although they retain their signs as predicted by the theory.  Column 3
adds monetary volatility, which is found to be strongly negative.  While the model as set out,
assumes monetary neutrality, this result is consistent with the implications of the Grinols-Turnovsky
(1993) model, as well as the empirical evidence of Aizenman and Marion (1993).
Column 4 introduces the volatility of government expenditure and this too is found to have a
strong negative effect on the growth rate.14  This is consistent with the notion in Table 2 that the
volatility of government expenditure is primarily due to absorption of risk by the government, rather
than to the government being a source of exogenous risk.  Column 5 drops the control variables
(which are mostly insignificant) and illustrates that once one includes the terms of trade volatility,
monetary volatility, and government expenditure volatility, then GDP volatility ceases to have any
substantial independent effect, a finding also obtained by Gavin and Hausmann (1995).
Columns 6 and 7 are the preferred equations for this sample set of 61 countries.  Including
the initial population growth rate among the control variables, see that terms of trade volatility,
monetary volatility, and government expenditure volatility all have significantly negative effects on
the growth rate.  This is consistent with previous empirical results, and is also consistent with
alternative versions of our canonical model.
An increase in the mean growth rate of the terms of trade is shown to have a weak positive
effect on the mean growth rate of output.  While this was not emphasized in our numerical
simulations, it is consistent with the model.  An increase in the growth rate of the terms of trade has
several effects.  It reduces the mean return on foreign assets (or their costs if a borrower) and it also
has a relative price effect on consumption.  In the simple version of this model, Turnovsky (1993)
13When  the mean growth is regressed on only the volatility of GDP, the latter the latter turns out to be strongly (at the
1% level of significance) negatively related to growth, as in Ramey and Ramey (1995).
14The coefficient of around -0.3 is much larger than the effect implied by the numerical simulations.  This is a
consequence of the Brownian motion specification of the formal model, a basic assumption of which is that the (mean)
growth rate, y , is of the same order of magnitude as the variance of government expenditure, sg
2, rather than its
standard deviation, as in the regressions.shows sgn ¶y ¶p ( ) = -sgn(nF).15  This implies that an increase in the terms of trade (decrease in p )
will raise the growth rate for debtor nations, such as those in our empirical sample.
The last two equations add the mean monetary growth rate and the mean share of government
expenditure.  In Column 8, the growth rate of M1 has a significant adverse effect on the growth rate,
consistent with the cash-in-advance model of Pavilos and Yip (1995).  Finally, the mean share of
government expenditure has an insignificant effect on the growth rate, consistent with the
implications of the model.
Tables 5 and 6 divide the countries into 30 high output volatility countries (s y > 0.05) and
31 low output volatility countries (s y < 0).  The reason for doing this is that the numerical
simulations suggest difference in behavior between such economies.  These differences seem to be
borne out in these empirical results.  Note, however, that the insignificance of the mean share of
government expenditure is robust across both subsets.  The same is true of the volatility of monetary
policy.  For other variables, there are significant differences.
In the case of the high volatility countries, terms of trade volatility, government expenditure,
volatility, and monetary volatility all have strong negative effects on the growth rate.  The growth
rate of the terms of trade is quite strong, in one case having a t-statistic of nearly 2.  Observe that
both the volatility of monetary policy and the mean monetary growth rate have strong negative
effects on the growth rate, when entered separately, but because of collinearity both become
insignificant when included together.
For the low volatility countries, reported in Table 6, the results are not particularly strong.
The only measure of volatility to be significant is monetary volatility.  There are, however, some
interesting contrasts with the results for the high volatility countries, some of which are consistent
with our numerical simulations.
First, term of trade volatility, although weak, appears to have a positive effect, rather than a
negative effect on growth.  This is entirely consistent with the results in Table 3.B.  There we find
that for a low volatility economy (s y = 0.04) an increase in s p from 0.08 to 0.16 raises the growth
15See Turnovsky (1993, eq. 14b)rate, whereas for a high volatility economy (s y = 0.10), the opposite is true, precisely as the
empirical results suggest.  Second, government expenditure volatility seems to have a positive rather
than a negative effect on the growth rate.  This would suggest that the increase in government
volatility is associated with exogenous random behavior on the part of the government, rather than
its response to risk.  This seems plausible, since one might argue that it is high risk economies that
the government may be concerned in directing its expenditure policy toward stabilization objectives;
this is unnecessary in a low variability economy.  The other difference is that the money growth rate
now tends to have a positive effect on the growth rate, consistent with Grinols-Turnovsky (1993),
rather than a negative effect, as in Pavilos-Yip (1995).  On the basis of these results one might
conjecture that the cash in advance formulation is more appropriate in a high risk economy.
5. Conclusions
In this paper we have analyzed the effect of volatility on growth in a developing economy
that faces an imperfect world capital market.  Our study has involved three phases: (i) the
development of an analytical model; (ii) numerical simulations of the model; (iii) some empirical
testing of the model, based on a sample set of 61 developing economies.
The analytical model provides a rigorous framework for assessing the role of risk on growth.
The model is able to replicate several key features of small stochastic open economies with ease, and
the numerical simulations help us in our intuitive understanding of the effects of risk and borrowing
costs on the equilibrium.  Overall, and certainly for high volatility economies, we find terms of trade
volatility, government expenditure volatility, and monetary volatility, all to have strong negative
impacts on the equilibrium growth rate.  The first of these is almost surely predicted by the model, as
is the second if we assume that the government's expenditure includes stabilization of income as part
of its objective.  While the basic model is known to have the property that money is superneutral in
its first two moments, the negative relationship between monetary volatility and growth, which in
fact is the most robust of the volatility measures, is consistent with a version of the Grinols-
Turnovsky growth model in which the agent recognizes the nature of the residual tax imposed.Finally, the model predicts differences between high volatility and low volatility economies, some of
which are reflected in the empirical results.Table 1
Effects of Risk under Perfect Capital mobility
p=0.02 (rK = 0.08 = rF )
s p = 0.08 s p = 0.16
  y          sw        nK        C W        s   y          sw        nK        C W        s   y          sw
s y = 0.04 1.866     1.645     0.831    0.161     0.67 1.743     2.655     0.845    0.164     0.87 1.540     3.775     0.848    0.166     0.94
s y = 0.10 1.890     2.748     0.745    0.151     0.55 1.769     3.510     0.821    0.161     0.66 1.565     4.428     0.837    0.165     0.78
s y = 0.20 1.956    4.498      0.544    0.126     0.66 1.855     5.442     0.745    0.151     0.56 1.656     6.166     0.800    0.159     0.61
p=0.01 (rK = 0.08 > 0.07 = rF )
s p = 0.08 s p = 0.16
  y          sw        nK        C W        s   y          sw        nK        C W        s   y          sw
s y = 0.04 2.075     3.899     1.473    0.237     0.82 1.640     1.132     1.001    0.184     0.00 1.377     2.243     0.917    0.175     0.79
s y = 0.10 1.997     3.967     1.293    0.218     0.35 1.647     2.446     0.972    0.180     0.03 1.396     3.191     0.905    0.174     0.51
s y = 0.20 1.847     4.588     0.944    0.174     0.01 1.678     4.665     0.882    0.168     0.16 1.461     5.288     0.865    0.168     0.37
p=0.03 (rK = 0.08 < 0.09 = rF )
s p = 0.08 s p = 0.16
  y          sw        nK        C W        s   y          sw        nK        C W        s   y          sw
s y = 0.04 2.512     6.245     0.220    0.089     1.00 2.065     5.023     0.690    0.145     0.98 1.799     5.386     0.779    0.158     0.97
s y = 0.10 2.536     6.440     0.197    0.086     0.99 2.101     5.553     0.670    0.143     0.91 1.831     5.871     0.768    0.156     0.90
s y = 0.20 2.594     6.883     0.144    0.080     0.99 2.221     6.924     0.608    0.135     0.56 1.941     7.293     0.735    0.151     0.76
In Tables 1-3: s= fraction of variance of growth rate, sw
2 , due to variance of terms of trade shocks.
y,sw,sg are all measured in percentages.Table 2
Effects of Government Volatility under Perfect Capital Mobility
p=0.02 (rK = 0.08 = rF )
sz = 0.02 sz = 0.05
  y          sw         sg          nK        C W       s   y          sw         sg          nK        C W       s
¢  g  = 0.20 1.769     3.510     2.828     0.821    0.161     0.67 1.779     3.687     5.385     0.821    0.161     0.60
¢  g  = 0.60 1.748     3.067     6.325     0.821    0.161     0.87 1.757     3.268     7.810     0.821    0.161     0.77
p=0.01 (rK = 0.08 > 0.07 = rF )
sz = 0.02 sz = 0.05
  y          sw         sg          nK        C W       s   y          sw         sg          nK        C W       s
¢  g  = 0.20 1.648     2.246     2.828     0.972    0.180     0.03 1.661     2.787     5.385     0.972    0.180     0.03
¢  g  = 0.60 1.617     1.379     6.325     0.972    0.180     0.11 1.630     1.920     7.810     0.972    0.180     0.67
p=0.03 (rK = 0.08 < 0.09 = rF )
sz = 0.02 sz = 0.05
  y          sw         sg          nK        C W       s   y          sw         sg          nK        C W       s
¢  g  = 0.20 2.101     5.531     2.828     0.670    0.143     0.91 2.108     5.608     5.385     0.670    0.143     0.89
¢  g  = 0.60 2.087     5.353     6.325     0.670    0.143     0.97 2.093     5.432     7.810     0.670    0.143     0.94Table 3
Imperfect Capital Mobility
A. Effects of Cost of Debt (s y = 0.10,  sp = 0.16)
i
* = 0.05 i
* = 0.06
  y          sw            nF         C W       s         w   y          sw            nF        C W       s         w
j = 0 5.501     9.950     0.535     0.337     0.74        0 4.671     7.772     0.388    0.311     0.65        0
j = 0.10 3.957     5.285     0.215     0.281     0.42    2.176 3.778     4.562     0.156    0.271     0.30     1.576
j = 0.40 3.587     3.758     0.077     0.258     0.11    3.118 3.548     3.596     0.056    0.254     0.06     2.260
j = 0.80 3.523     3.498     0.041     0.252     0.04    3.359 3.504     3.432     0.030    0.250     0.02     2.436
j = 1.50 3.493     3.394     0.023     0.249     0.01    3.483 3.484     3.363     0.017    0.248     0.01     2.527
j = 100 3.462     3.300     0.000     0.245       0       3.638 3.462     3.300     0.000    0.245       0        3.638
B. Effects of Risk (j = 0.10)
s p = 0.08 s p = 0.16
  y       sw       nF     C W       s         w   y       sw       nF     C W        s         w   y       sw       
s y = 0.04 3.694  3.191  0.313  0.296   0.61    3.176 3.727  3.383  0.180  0.275   0.72    1.814 3.461  2.376  0.073  0.259  0.54     0.728
s y = 0.10 3.812  4.758  0.277  0.289   0.22    2.806 3.778  4.562  0.156  0.271   0.31    1.576 3.490  3.757  0.058  0.256   0.14    0.582
s y = 0.20 4.081  7.608  0.163  0.269   0.03    1.640 3.904  7.081  0.080  0.256   0.03    0.801 3.575  6.513  0.009  0.246   0.00    0.092Table 4
Regressions for Full Sample of 61 Developing Countries
Dependent Variable is Mean Growth Rate of Output
Independent
Variable
































































































































2 0.16 0.26 0.32 0.29 0.28 0.31 0.30 0.28
In Tables 4-6 numbers in parentheses are t-valuesTable 5
Regressions for Sample of 30 High Volatility Developing Countries
Dependent Variable is Mean Growth Rate of Output
Independent
Variable




























































































2 0.56 0.57 0.58 0.60 0.61Table 6
Regressions for Sample of 31 Low Volatility Developing Countries
Dependent Variable is Mean Growth Rate of Output
Independent
Variable
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